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1 ALEG

BEZ, a,be ZT 122V T, ZDmAAKE ged(a,b) ¥ a & b OBBURKIEHES
ELUTEDLINDZLEHXIIH->TWVS ¢

Ja, B € Z: ged(a, b) = aa + Bb. (1)

L LADS, ERICZORK a & B 2KkDE7-DDFH (Wb 3 Euclidean
Algorithm & T L7 DEERL (Roll Back)) %, ®»F b [APEL/EETIZ A,
FilEB A5 A, Robert B. Ash & WO MZPATHZEZZA LM AHEN VS, BLLERX
America @ University of Illinois D#ELIRTH 5 (%D web page »°
http://www.math.uiuc.edu/ r-ash/
b Dd). TOERI

A Primer of Abstract Mathematics.
The Mathematical Association of America, 1998. ISBN: 9780883857083

Nhbd, HFRETDH5EIL, MRABBHAZIZA>TWLZHODEEFEEZL XS, 2\,
o <IEZD document ZHIZT 54 DFEETH 5.

% @ Chapter 3. Elementary Number Theory ® §3.1 The Euclidean Algorithm
(pp-45-48) 1z, LARTHIAI NS algorithm ALEG 2SFdd T T W5 (72721, ALEG
LWL kymst DTV F T THD). BRYNIHATZ L FiE, RENTIEHEIZ L2 D
TIE? WKL ED, £S5 TiEARd 572, Roll Back % & b —H LU 2B TIHRRMN
(systematic) 121772 5 algorithm TH 5. Ash DFSi@Y,

The algorithm to be presented is quite efficient for both hand and machine

computation (p.47)

ZeES

*1 %130 Ash OEE Basic Abstract Algebra — The Basic Graduate Year — %%, pdf file &
LTI TW5 (LEFED address 75 access TE ). £® Chapter 2 ® §2.5 Polynomial
Rings Problems 1-4 (pp. 18f) IZH I LT\ 5. Solution b & % D TLHEL LW (Solutions
Chapter 1-5, p. 9) . 4H® document £S5 DIEZ 5 TRIFIUTWIFARWEES.

linear combination on 7Z



§1. ALEG. p.

UFT, GCD O#fs53I1 algorithm (Algorithm for Linear Expression of GCD,
ALEG) &£ ffFCEed k5 B,
BE#E, Ash OFEFTVWAHITEITLTALS.

Example 1.1
a=123,b=54 &9 %. 4HDH] (qi)izl, (Ti)iz—la (Si)iz—la (ti)iZ—I BEZD

s 1=1,t1=0r1=s 1a+t_1b=1-123+0-54 = 123
E35., InD Tablel D i=—-1DIFTH5 :

Tablel Example 1. a =123, b = 54.

T q; Si t; T
-1 1 0 123

0 0 1 54

1 2 1 -2 15

2 3 -3 7

3 1 4 -9

4 1 -7 16

RIZi=00D7%MFES :
SQZO, t():]., T0:80a+t0b:0123+154

INTi=0DFNTER. r1=0a, 70 =bTHDILIZEET L.
ZZ 1IZ2o5WT, q; & Ti—2 & Ti—1 T%UOf:ﬁitﬁ&b, W\’O)@i’ﬂﬁﬂti ) Si,ti,’l”i &
RE AR

8i = Si—2 — ¢iSi—1, ti =ti—2 — qiti—1, i =Ti—2 — ¢iTi-1.
% step ZMEICHHL LS.
ei=1:7r_1=123%rg =54 THNIZE, Bq =2%/5. £ZT
s1=85_1—qs0=1-20=1, t1=t_1—qto=0-2-1=-2, ri=r_1—qiro =123-2-54 =15

LB,
e i=2:r0=54%r =15 TEINIE, Fq=3%2E2505

89 = 89—@as1 = 0—31= -3, ta=to—qot1 =1-3(=2)=7, ro=rg—ger; =54-315=0.
e i=3:7r=15%ry =9 THEHNIZE, BEidg=1725,

83 =81—q3s2 = 1-1-(=3) =4, t3=t1—qste =—-2—1.T=-9, r3=ri—qsre =15—-1.9=6.
e i=4:79=9%7r3=0TENL, Bldgu=17»5,

S4 = S2—(483 = —3—-14= 77, t4 = tg*(]4t3 = 771(79) = 16, T4 = To—(q4uTr3 = 9—1-6 = 3.
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§2. Proof of Validity. p- 3

r3 =61kry, =3 CHOYYSNDEHS, ZNT Euclidean Algorithm X5 7T U,
ged(a, b) = ged(123, 54) =3 THD. ZDLE, ZORKAKE ry =3 1%

r4 =840 +14b=-7-1234+16-54 =3

EWS, LD 2 a, bITLBMERILE L TERDbEINS. B

INFE TH 4 IE, Euclidean algorithm 12 & - T THRALDKNEZ KD, TOFHEMN
BTLUTHS, JlofEke UTIERBE Z/E>T&7%. LML, 2 algorithm, ALEG
W ENE, mRAKEERD S algorithm 2%, FIRFIZIREERIZES algorithm (2%
RoTWHDTH 5.

2 Proof of Validity
Z D algorithm, ALEG %Y TH 5 Z & IF, BENIFINIEIZ X D ABIIFHE NS,
£7, 5 1 ALEG 2R L, ZORIZHENET 3.

2.1 ALEG

ALEG LIXRDEIMEFIETH 5 (BUF T colon equal, 2% 9 “variable := value”
I3ZH variable IZfH value ZAATH I L, HHWVWEELEZLAUTERT L L,

RS 5)
ALEG
a,b € ZT, a > b HRERZENZEE, a b DRKAKE ged(a, b) %K
b, HIZ ged(a,b) 2 a & b DREFES aa + Bb TRDOIT72DIZ, 4 HDEF
(Qi)izh (Ti)iz—h (31)12—1, (ti)iz—1 EVES
Stepl. s_1:=1,t_1:=0, r_1:=s_1a+t_1b & &X.
Step 2. s0:=0, tg:=1, rg := spa + tohb £ .
Step 3. i > 1745 i ZDWVWT, rj_g & r;_y CElo/M% ¢ L, XD 3 HEEE{LA
IZ&D Si, ti, r; %E@J: :
8i 1= Si—2 = (iSi—1, ti = tioo — qiti—1, T = T2 — Qi1 (2)
Step 3 & r; A r;j1 TEHEID YIS N L X THDIRE.
Step 4. Tj 75§ Tj+1 f%ﬂ D@JBM?’—:& 653:, a =S54, ﬁ = thrlv g =Tj41 el bf,
ks k.
ZDEE, RMEOID :
Result : ¢ = ged(a, b) = aa + 5.
Proof.

1EZTIZDWVT, 1y =s;a+ L0 BEXANETRTH S, i 1IZDVTOIENE
k5.

FTi=-1,00 &, EBLSHONTHS.

1,1+ 1 TR ZIRET S :

IH. S;a + tlb =r, N Si+1Q + ti+1b =Ti4+1-
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§2. Proof of Validity.

-

ZDHE 2RI giyo ZEUTH 1 X0 S5IFIERERFS -
(8i = qivosivr)a + (ti — qivativ1)b =15 — Qiparigp1.

(51;), (ti), (Tz) 0)%%#6, :@ﬁci Si4+2a + ti+2b = Ti42 ﬂ:—ﬁ(j—é [ |

2.2 One More Example

a=221, b=101 £ UT, ged 2k, 2% N% Z ED a,b DIEAEETRDL
THED. ROEERS :

) qi  Si t; T
-1 1 0 221
0 0 1 101
1 2 -2 19
2 5 =5 11 6
3 3 16 =35 1

22116+ 101-(=35) =1 &7, gcd(221,101) =1 A% 221 & 101 O Z EOFIE
fAETERbINEZ., ZhiX, 1 ROREAHEN 221z + 101y = 1 2%, 1 DORFfEE L
T (z,y) = (16,-35) 2D L 2 MK T 5.

HWHRDENZBD, F3 v MFLUEZKRSIZR > T ANIE, kymst [FELWV. %
Nrs, early draft Z#A T typo (i) Z A2 TS NAZERE R, M. &, O
£5:-)

R R AR D EIZEF DAL T A,

Y RAY>TAL»x—3!
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